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liberating "bound water" and also water which was previously present
in the vacuole; this water is not reabsorbed on thawing. He found that
the amount of water lost through cell leakage is very similar to that lost
through leakage caused by cooking, lost by placing the tissue in saturated
salt or sugar solution, or lost when undergoing desiccation. Woodruff
calls attention to the fact that tissues having very thick cell walls do not
show as marked changes as those with thinner cell walls, owing to the fact
that support of the tissues is largely maintained by the cell walls.
Various theories have been offered in explanation of the changes
observed in plant and animal tissues on freezing and thawing. Classen
believed that the injury was caused by puncturing of the cell walls by ice
crystals. Sommerville in England and Sachs in Germany thought injury
was due to too rapid thawing. Chandler, Maximov, Mollard, Matruchat,
and Molisch independently have put forward the theory that injury is not
due to cold directly but to ice formation. Desiccation by withdrawal
of water into the intracellular spaces to form ice causes death of the cell;
the plasma membrane is destroyed and plasmolysis occurs. Maximov
believed the actual injury was caused by changes in the plasma colloids
during ice formation. Chandler sums up the ice-formation theory by
saying, "There can be no injury by cold without ice formation." A
modification of the preceding theory is that death of the cell is caused by
salting out of the protein fraction of the protoplasm owing to high salt
concentration induced by withdrawal of water; the protoplasmic gel is
thus destroyed. Another theory attributes death of the cell to precipita-
tion of proteins owing to increase in hydrogen-ion concentration. Still
another theory holds that injury to the protoplasm by cold is occasioned
by increase in viscosity of the protoplasm beyond the point where it can
function.
Woodruff and also Joslyn and Marsh favor the ice-formation theory
of Chandler, Maximov, and the other investigators mentioned in the
preceding paragraph. It appears to be the theory best supported by
evidence and scientific opinion.
Freezing disorganizes the tissues, renders them permeable, and
liberates enzymes. Consequently during thawing, certain enzymes,
particularly oxidizing enzymes, often cause serious changes. Sliced
fresh peaches, apricots, and pears darken very rapidly on thawing owing
to oxidasic browning. For this reason such products may require treat-
ment with sulfur dioxide, packing in sirups containing ascorbic acid, or
blanching to retard or inactivate oxidizing enzymes.
The extent of the physical changes occurring during freezing and
thawing of fruits and vegetables was extensively studied by Joslyn and
Marsh (University of California Agricultural Experiment Station, Bull